In 1959 and 1960, a study was conducted on the western slope of the Cascade Range in Oregon to determine first-year effects of timber removal on soil moisture. Information concerning the sampling variation of soil moisture as affected by vegetation and depth of sampling represented a by-product of the investigation. Two conclusions were drawn: (a) during the period of vegetative growth, soil-moisture sampling variation is smaller in nonlogged areas than in undisturbed clearcuts; and (b) variation decreases with depth of sampling. This information is of interest in planning experiments in which soil moisture is one of the variables.
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Published data indicate that the presence of live vegetation is correlated with smaller soilmoisture sampling variation. Data of Slater and Bryant (4) show a smaller mean variance in rye grass plots than in bare plots; and Lull and Axley (3) report a smaller standard deviation in forested plots than in bare plots.
Soils literature also reveals a correlation between soil-moisture sampling variation and depth of sampling. Broadfoot and Burke (1) report a smaller standard deviation for subsoils, in contrast to surface soils, when moisture content is at 3i atmosphere pressure, or moisture equivalent, or at "maximum recurring average moisture content." Striffier (6) also reports that standard deviation decreases with depth.
•
AREA OF STUDY
The study reported here was conducted in the Mount Hood National Forest, about 40 miles east of Portland, Oregon, at elevations varying from 1000 to 3500 feet. North, south, and southeast exposures were represented. The soils are weak podzols and brown latosols, derived from basalts and andesites, and include loanas and sandy loarns. The forest type, mature Douglas-fir and hemlock, is normally harvested by clear-1 U. S. Forest Service, Pacific Northwest Forest and Range Experiment Station, Portland, Oregon.
cutting patches of 20 to 50 acres, removing the merchantable logs, then burning the slash when the fall rains begin. In the area studied, harvesting activities were completed during the fall preceding the start of the experiment, but the slash was burned late in the following fall.
DESIGN OF EXPERIMENT AND PROCEDURES
The study was designed as a paired-plot experiment repeated in five areas. Each replication consisted of a clear-cut plot and an adjacent uncut virgin forest plot. Two areas were sampled in 1959, three others in 1960. Once a month, during the late-spring-fall period, a pit was dug in each plot, and soil samples were taken at 6-inch vertical intervals from the 3-to 21-inch depth. At each depth, two samples, 6 inches apart, were taken in 1959, and three in 1960. An identical number of samples was taken in clear-cut and nonlogged plots.
To avoid border effects, all pits were dug at a minimum distance of 250 feet from the edge of a clearing. In the clear-cuts, sampling was confined to exposed areas where the soil was not disturbed by the logging operation.
Soil moisture was determined gravimetrically and expressed as per cent of dry weight. No attempt was made to convert this figure to a volume basis, because the essential parameters (volume weight and stone and rock content) are also subject to large errors of measurement.
RESULTS
During the period of sampling, soil-moisture content was always well above wilting point. Results, therefore, are based on samples containing sufficient water for plant growth.
For each sampling date, the variances of soilmoisture samples taken at the several depths within each plot were calculated and then transformed to their logarithmic equivalents. Transformation was effected to satisfy a basic requirement of equal error variances for an analysis of variance (5).
Results indicate that the variance in soil-211 212 N. BETHLAHMY Clear-cut 11.5 7.5 4.9 4.2 7.0 Not-logged 5.2 2.3 1.9 2.5 3.0 Average 8.4 4.9 3.4 3.4 5.0 moisture samples is larger in clear-cuts than in nonlogged plots. The geometric mean variance of samples from clear-cut plots was 7.0, in contrast to 3.0 for the nonlogged plots (table 1) . These values differ at the 4.0 per cent level of probability (cf. Swartzendruber (7) for procedures of calculating probabilities). The results also indicate that soil-moisture variance is related to depth of sampling (table 1) . Soil-moisture samples taken near the surface have larger variances than those taken at greater depths. At the 3-inch depth, the geometric mean variance is 8.4, in contrast to an average of 3.9 for the 9-to 21-inch depth. This "difference is significant at the 1 per cent level of probability. The average values of geometric mean variances for the top foot and second foot of soil are, respectively, 6.6 and 3.4, and the change in magnitude is significant at the 3 per cent level of probability.
DISCUSSION AND CONCLUSION
Water is removed from soils by the force of gravity and the processes of evaporation and transpiration. In well-drained soils, when the water content is below field capacity, the force of gravity does not appreciably affect water movement; at such times, it may be neglected as a cause for soil-moisture variation. In contrast, both evaporation and transpiration continue even when soil-moisture levels are below field capacity. Evaporation is greater in clear-cut areas because each of the controlling factors (solar radiation, maximum temperature, wind velocity, and vapor pressure difference) attains a level of greater intensity; but since each of these factors also increases in variability, we may expect evaporation losses to be less uniform in clear-cuts. The fact that evaporation is not uniform in a soil mass but diminishes with depth below the surface (2) may partly explain the relevant fact that soil-moisture variation is not uniform at all depths. Water is also removed from soils by roots, whose effect on soil-moisture variation is probably related to their concentration.
Our results seem to indicate that in a heavily vegetated soil, where living plant roots pervade the soil mass, soil moisture in a limited soil column is removed more uniformly at a given depth than in a corresponding soil column with a sparse root system. Since normally more roots are present in surface soils than at greater depths, we would expect soil-moisture variation to increase with depth. But results of the experiment indicate the opposite, that variation decreases with depth.
The apparent anomaly that soil-moisture sampling variation decreases with depth may perhaps be explained by considering two additional elements. First, light summer showers cause frequent changes in soil-moisture content of surface soils and thereby tend to overcome the effectiveness of evapotranspiration in bringing about a uniformity of soil-moisture distribution. Second, capillary pull is more effective in the denser soils of lower depths, thereby contributing to more uniform local distribution of soil moisture.
This study indicates that variance of moisture content of soil samples taken in close proximity is a function of at least two variables, depth of sampling and presence of vegetation, and that variance is smaller at greater depths and in soils under a forest cover. One of the criteria for analysis of variance is that populations being tested have equal error variances. For this reason, in any experiment involving soil moisture as a variable, statistical techniques that are designed to reduce experimental error and eliminate, if possible, any discrepancy due to lack of homogeneity of variance should be incorporated. The experimental design should include such devices as increase in number of samples, stratification, selection of soils characterized by limited variation, and use of regression analysis, whereas in the analysis, a change in the scale of measurement by an appropriate transformation of field data should be considered.
